Abstract: We analyze two loop quantum corrections for pseudomoduli in O'Raifeartaigh like models. We argue that R-symmetry can be spontaneously broken at two loop in non supersymmetric vacua. We provide a basic example with this property. We discuss on phenomenological applications.
Introduction
In the last years a lot of effort has been devoted to the study of supersymmetry breaking in metastable vacua. The starting point has been to understand [1] that metastable and dynamical supersymmetry breaking is a generic phenomenon in N = 1 gauge theories [1, 2, 3] . Subsequently these classes of models have been studied in phenomenological settings, where they have been considered as hidden sectors in gauge mediation scenarios [4, 5] .
In this framework R-symmetry breaking ([6] - [8] ) plays an important role. In this note we propose a mechanism for spontaneous R-symmetry breaking in supersymmetry breaking vacua through two loop effects.
In the next section we review some aspects about R-symmetry breaking in model building. In section 2 we survey a class of models and the corresponding two loop effective potential. In section 3 we present the basic model of metastable supersymmetry breaking with two loop R-symmetry breaking. In section 4 we conclude and comment. In the Appendix A we give the details of the two loop computation and in the Appendix B we embed our model in a quiver gauge theory. theories of pure chiral fields with canonical Kahler potential and with a renormalizable superpotential. We study two loop corrections in models with spontaneous breaking of supersymmetry. The most natural way consists in coupling an O'Raifeartaigh sector to another bunch of fields through trilinear couplings. This implies that the one loop corrections lift the potential for the O'Raifeartaigh field but do not lift pseudomoduli space of the other sector. The superpotentials we consider are
where I = 1, 2 and J = 4, 5.
The supersymmetry breaking vacuum is at the origin of the moduli space. The fields φ 2 and ξ 4 and ξ 5 have positive squared mass h 2 µ 2 . The field φ 1 splits its mass in h 2 µ 2 ±h 2 f , for its real and imaginary component. The other fields are pseudomoduli. The pseudomodulus X is stabilized at one loop at the origin. The pseudomodulus ρ is also stabilized at one loop at the origin, when I = 1, i.e. when it is directly coupled in the trilinear term with the field φ 1 which has a mass splitting. For the case with I = 2 we add a mass term for the field ρ, to avoid tachyons
with m ≪ µ. The pseudomodulus Z is not lifted at one loop and a two loop analysis is required. In the Appendix A we give the details of the calculation. We summarize in Table 1 the results for the two loop mass of the field Z, at order o(m) for the cases I = 2. The model (I, J) = (1, 4) gives the same result than [16] . In fact it is the same model of pure chiral fields. Then, the explicit calculation shows that the model with (I, J) = (2, 5) has a runaway behaviour, while the two loop potential for the Z field in the models (I, J) = (1, 5) and (I, J) = (2, 4) has a stable minimum at the origin and the potential increases in the large field region.
The model (I, J) = (1, 4) has the bad behaviour discussed in the surveying of [17] . Methods of [17] can be generalized for the other three models as well. For the case with I = 4 the beta function of the mass term µφ 1 φ 2 has to be taken into account. Moreover, in the cases with J = 5, the field ξ 5 does not decouple at large Z, and the term φ I ρξ J affects the effective potential for long RG time (i.e. large Z). In all the cases this analysis gives the same qualitative behaviour than our explicit computation 1 .
1 We are grateful to Ken Intriligator for explaining us how to analyze these cases with the techniques of [17] . One can also notice that under the exchange ξ 4 ↔ ξ 5 the quadratic mass for the Z field changes sign. This change corresponds to an opposite R-symmetry charge for the field Z. Connecting the behaviour of the two loop potential for Z with its R-charge is an interesting question that we leave for future investigation.
Breaking R-symmetry at two loop
In Table 1 we observe that masses of different signs are related to different trilinear couplings between the φ i and the ξ i sector. Combining these contributions we can generate a two loop potential for the field Z which stabilizes it, but not at the origin. In the following we study a model with several trilinear couplings. The field Z acquires a non trivial vev Z = 0 in the true quantum minimum at two loop. The model has a tree level R-symmetry, and the field Z has a non trivial R-charge, then the R-symmetry is spontaneously broken by the two loop corrections.
The basic example
In this section we present the model that breaks supersymmetry and perturbatively Rsymmetry at two loop. The superpotential is
(3.1) where h is a marginal coupling, and α, β and γ are numerical constants. All the couplings can be made real with a phase shift of the fields.
We give in Table 2 the R charges and the Z 2 discrete symmetries. These global symmetries and renormalizability constraints the theory to the form (3.1), except for three terms Zφ 2 8 , µφ 2 7 , Xφ 5 φ 6 . In the limit f → 0 the theory admits a U (1) global symmetry which forbids the terms Zφ 2 8 , µφ 2 7 . The term Xφ 5 φ 6 has to be tuned to zero. It cannot be forbidden even introducing global symmetries involving the couplings, to be thought as spurion fields. A possible solution to this tuning is discussed in the conclusion.
There is a supersymmetry breaking vacuum at the origin of the moduli space. Around this vacuum the fields φ 2 , φ 4 , φ 5 and φ 6 have positive squared mass h 2 µ 2 . The field φ 1 splits its mass in h 2 µ 2 ± h 2 f , which are both positive for y = |f /µ 2 | < 1. The other fields are pseudomoduli, and their squared mass spectrum has to be analyzed by looking at the loop expansion of the scalar potential. 
One loop corrections
The one loop corrections lift the X and φ 8 directions and set X = 0 and φ 8 = 0, with positive squared masses
The fields φ 7 is also stabilized at the origin but this direction can develop a runaway behaviour to be analyzed. First note that this pseudomoduli space is stable for
3) Figure 1 then shows for which values of the ratio α/γ the one loop mass of φ 7 is positive, after fixing f /µ 2 = 0.5 (all the other choices with y < 1 are possible). We choose the ratio α/γ to stabilize the field φ 7 at the origin. For φ 7 larger than (3.3) the theory has a runaway behaviour, parametrized by φ 7 → ∞,
Two loop corrections
The potential for the field Z is not lifted at one loop, and a two loop analysis is necessary. Considering Z as a background field, the masses of φ 4 and φ 5 mix. We diagonalize the fermionic mass matrix for these two fields. The rotation is
where
and
The contributions to the two loop effective potential for Z are computed with the same strategy of [16] , which is reviewed in Appendix A. The three contributions are given in Figure 4 and are called V SS , V SSS and V F F S . We found
Expanding the two loop effective potential for small Z, the mass term at the origin is
where 11) and the functions f (x) and g(x) are positive for x < 1. There is a regime of the parameters for which this mass term is negative. This happens in the region where
as in Figure 2 . In such a regime of the parameter we look for a minimum of the two loop scalar potential. We indeed observe in Figure 3 , by plotting the scalar potential, that there is a choice of the ratio β/γ where the scalar potential has a minimum at Z = 0. We can then conclude that the model (3.1) spontaneously breaks R-symmetry at two loop in a non supersymmetric (metastable) vacuum. All the tree level flat directions of the scalar potential are lifted by quantum effects. The vacuum is metastable because the field φ 7 , which acquires positive squared mass around the origin through one loop corrections, develops a runaway in the large vev region. The effective potential for φ 7 has to be analyzed to estimate the lifetime of the vacuum.
Conclusions
In this note we found a supersymmetry breaking model in which R-symmetry is spontaneously broken at two loop in the scalar potential. It is a model of pure chiral fields without any gauge symmetry. There is a tuning in the superpotential, since we did not consider all the terms invariant under the global symmetries of the theory. Adding the allowed term should spoil some of the infrared properties, i.e. supersymmetry breaking.
The tuning problem can be solved by embedding the superpotential in a quiver gauge theory, see Appendix B. In this case the pure chiral fields model has to be considered as the effective theory around the non supersymmetric vacuum found at tree level in the gauge theory, as in [1] . This embedding might also stabilize the runaway behavior in the large field region, where strong dynamics effects of the gauge groups add non perturbative terms to the superpotential.
Moreover, this two loop analysis can be applied to many models with metastable vacua. In most of them an approximate R-symmetry exists at such vacua. Two loop effects can offer a solution for this problem. Indeed, as in the model we studied, we can couple the theory to an R-charged pseudomodulus that receives two loop corrections from the supersymmetry breaking sector. This field can acquire a quantum scalar potential that breaks spontaneously R-symmetry.
Another possibility is to build a model with a "tension" between the one loop and the two loop contributions for some pseudomoduli. This competition could shift the minimum from the origin, breaking R-symmetry. In [16] the one and two loop corrections in the ISS model with a mass hierarchy among the fundamental fields have been studied. However in that case one can check that the quantum corrections lead to a runaway, without any local supersymmetric part to the non supersymmetric one. In formulas, calling V (2) (Z) the two loop potential, it is given by
This formula means that the effective potential for Z is due to the diagrams that depends both on the fields whose masses split in the non supersymmetric case (to respect to the supersymmetric one) and on the fields whose masses depend on Z.
There are only few diagrams of this form and they are computed using the formulas of [18, 19] . In this paper, the model (3.1) gives rise to three different diagrams, V SS , V SSS and V F F S , and they are given in Figure 4 .
A.1 Details on the calculation
Here we explain the details on the computation of the mass for the pseudomodulus Z around the origin. The potential is made of three different pieces
They come from three different Feynman graphs, and they have been explicitly derived in [18, 19] . They are
In our calculation one argument of the function I(x, y, z) is always zero. We give the expression for this simplified case Using these formulas we found in (3.9) that the mass term for Z is m 2 Z = m 2 .6) and m 2 Zγ = − h 6 γ 2 µ 2 τ 2 (2τ 2 + (1 − τ 2 ) log(1 − τ 2 ) − (1 + τ 2 ) log(1 + τ 2 ))) (A.7)
The last line in (A.6) vanishes for τ 2 < 1 because of an identity of dilogarithms.
B. Embedding in quiver gauge theories
A possible embedding in quiver gauge theory is a four U (1) nodes theory (note that also non-abelian groups are admitted) with superpotential
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In this model the requirement of gauge invariance forbids the dangerous term Xφ 5 φ 6 that we discussed in section 3.
